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vABSTRACT
The main purpose of this study is to perform a test and commissioning on a
newly fabricated pilot scale fluidised bed combustor for the production of ash from
rice husk. The combustor with the height of 6.0 mH and diameter of 0.5 mD has been
designed and installed at the Faculty of Chemical and Natural Resources, Universiti
Teknologi Malaysia. The scope of this study includes installation of the centrifugal
exhaust fan, modification of the combustor feeding system, observation on the
combustion temperature stability, oil palm shell usage as an igniter for the bed
combustor start-up and  flue gas measurement from the firing of rice husk in the pilot
scale fluidised bed combustor. Under this study, a fluidising velocity of 4, 5, 6 and 7
Umf were applied for the combustion temperature stability observation on the
fluidised bed combustor. The oil palm shell obtained from the Kulai Palm Oil Mills
of Federal Land Development Authority (FELDA) Johor, were used as an igniter to
pre-heat the bed combustor in order to start-up the combustion process in a safe
manner during the experimental works. In addition, an installation of the centrifugal
exhaust fan and a modification on the feeding system was performed as a trouble-
shooting measured during the study. The flue gas from the combustion of rice husk
was analysed using the MRU Gas Analyser which showed that the gas generated
consists of O2, CO2, CO, NOx and SO2 at the concentration of 7.7%, 11.2%, 0.5%,
189 ppm and 80 ppm, respectively. The newly fabricated pilot scale fluidised bed
combustor was successfully commissioned with the production of ash from the firing
of rice husk in the unit.
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ABSTRAK
Matlamat utama dalam kajian ini adalah untuk menjalankan ujian keupayaan
terhadap loji pandu pembakar lapisan terbendalir untuk menghasilkan abu daripada
sekam padi. Loji pandu pembakar lapisan terbendalir yang mempunyai ketinggian
6.0 meter dengan saiz diameter 0.5 meter telah berjaya direkabentuk di Fakulti
Kejuruteraan Kimia dan Kejuruteraan Sumber Asli, Universiti Teknologi Malaysia.
Skop kajian ini termasuklah pemasangan kipas ekzos terhadap loji pandu, modifikasi
terhadap sistem suapan bahan bakar, ujian kestabilan suhu pembakaran loji pandu,
penggunaan isirung kelapa sawit sebagai bahan pemula untuk pemanasan bahan
lapisan terbendalir dan analisis terhadap gas yang terhasil daripada pembakaran
sekam padi di dalam loji pandu pembakar lapisan terbendalir. Melalui kajian ini,
halaju terbendalir terdiri daripada 4, 5, 6 dan 7 Umf diaplikasi dalam proses
pembakaran untuk menguji kestabilan suhu pembakaran loji pandu tersebut. Bagi
memastikan keselamatan sepanjang proses ujikaji, isirung kelapa sawit yang
diperolehi daripada Felda Taib Andak, Kulai digunakan sebagai bahan pemula untuk
proses pemanasan bahan terbendalir di dalam loji pandu. Selain daripada itu,
penambahan kipas ekzos terhadap loji pandu dan modifikasi terhadap sistem suapan
bahan bakar dilakukan untuk mengatasi masalah yang dihadapi semasa proses ujian
keupayaan dijalankan. Produk gas daripada pembakaran sekam padi di analisa
menggunakan penganalisa Gas MRU, ujian analisis terhadap gas O2, CO2, CO, NOx
dan SO2 yang terhasil masing-masing adalah sebanyak 7.6%, 11.2%, 0.5%, 189 ppm
and 80 ppm. Ujian keupayaan telah berjaya dilakukan ke atas loji pandu pembakar
lapisan terbendalir dengan penghasilan abu daripada pembakaran sekam padi melalui
unit tersebut.
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CHAPTER 1
INTRODUCTION
1.1 Introduction
Rice covers 1% of the earth surface with approximately 600 million tonnes of
paddy produced per year with average 20% of the rice paddy is husk of 120 millions
tonnes. In majority of rice producing countries, most of the husk is either burnt or
dumped as a waste. According to the statistic from Padiberas Nasional Berhad
(BERNAS) in the year 2007, the potential energy generation in Malaysia from rice
husk is at 300 GWh per annum. This translates to, an estimated potential revenue
from electricity generation of RM44.7 million per annum.
The utilisation of rice husk for energy production added ‘value’ to rice husk,
which is otherwise deemed as a form of waste that have potential to create serious
environmental and health problems if not managed in a proper and effective manner.
Rice husk ash contains among the highest amount of biogenic silica still in its
amorphous form (in the excess of 95 wt% silica, SiO2) (James and Rao, 1986)
compared to other biomass materials, such as ash from sugarcane bagasse (57 – 73%
SiO2) (Natarajan et al., 1998a).
2The quality of amorphous silica resulting from the thermal treatment of rice
husk is comparable with other expensive sources of silica. Furthermore, the
utilisation of rice husk producing value added material from waste agriculture
product as well as sodium silicate. The sodium silicate that could be produced in
much cheaper route using amorphous silica from rice husk ash compared to
conventional methods also has high market value. For example, the production of
one tonne of sodium silicate requires approximately 135 kg of amorphous silica as
raw material. Thus, one tonne of amorphous silica will produce an equivalent of 7.4
tonnes of sodium silicate, which in turn commands a price of RM 2,100 per tonne.
Further, the residue from the production of sodium silicate from rice husk ash is a
by-product which could be further processed into activated carbon or sold as it is as a
carbon source.
Production of rice is dominated by Asia, where rice is the only food crop that
can be grown during the rainy season in the waterlogged tropical areas. Most paddy
is produced by China (31%) followed by India (21%). Assuming a husk to paddy
ratio of 20% the total global husk production could be as high as 116,000,000 tonnes
per year. Globally, rice production is increasing from 1992 – 2002 with an increase
about 10%. Only China and Japan produced less rice in 2002 compared with 1992.
Yields are affected by several factors, including the agronomy of the crop. This is
influenced by the physical and cultural environment and scale under wish the rice is
grown. International co-ordination in technological advance of rice production is
providing alternatives to the limitation of cultures practices. Rice production is often
set by weather, monsoons and droughts, but the effect of this are increasingly being
limited by irrigation and water control systems.
In reality, it is estimated that only about 2% of the available rice husk is used
for energy production in Malaysia. Similarly, in other rice producing countries,
despite the huge potential, the utilisation of this abundant biomass is still very low.
However, in the last few years, the utilisation of rice husk as an energy source has
gained significant momentum. In reality, it is estimated that only about 2% of the
available rice husk is used for energy production in Malaysia. Similarly, in other rice
3producing countries, despite the huge potential, the utilisation of this abundant
biomass is still very low. However, in the last few years, the utilisation of rice husk
as an energy source has gained significant momentum.
1.2 Problem Statements
A pilot scale fluidised bed combustor was successfully fabricated at Fakulti
Kejuruteraan Kimia dan Kejuruteraan Sumber Asli (FKKKSA), Universiti Teknologi
Malaysia. The combustor was of 0.5 mD (inner diameter) and 6.0 mH (height) which
was installed in February 2006. Commissioning of the pilot scale fluidised bed
combustor was carried out from March until July 2006.
The previous studies of rice husk combustion had been done in a lab scale of
80 mm inner diameter fluidised bed reactor (Ngo, 2002) to investigate the optimum
set of operating parameters such as temperature, sand size, fluidising velocity and
static bed height. A bed combustor pre-heating as a primary step in starting up the
combustor was pre-heated through premixed combustion of liquefied petroleum gas
(LPG) and air. An igniter such as kerosene or soaked tissue ball is dropped into the
bed. Then, the premixed LPG and air is passed through the bed with its flowrate
adjusted so as to enable the flame to remain in the bed. However, burning of the
premixed gas mixture in the bed region will emit a loud ‘popping’ noise due to the
eruption of bubbles in the bed during combustion.
In this study, the optimum set of operating parameters for production of
amorphous silica ash from rice husk (Ngo, 2002) could be applied to commission the
pilot scale fluidised bed combustor. Compared to the lab scale fluidised bed
combustor, the pilot scale fluidised bed combustor was of 0.5 mD (inner diameter)
and 6.0 mH (height) and the unit was facilitated with a gas analyser. During the
4testing and commissioning activities, an evaluation, installation and modification was
carried out so as to ensure a good operation of the pilot scale fluidised bed
combustor.
1.3 Objectives of Study
The main objective of this study is to commission a newly fabricated pilot
scale fluidised bed combustor to produce ash from rice husk. The specific objectives
of this study were:
1. To investigate and overcome the leakage of smoke (hot flue gas) at
the combustor while the combustor is in operation.
2. To investigate the insufficient of the fuel feeding (rice husk) into the
combustor during the combustion process.
3. To evaluate a bed combustor pre-heating method for starting up the
pilot scale fluidised bed combustor by using an oil palm shell.
4. To investigate the combustion temperature stability of the fluidised
bed combustor by using a different of fluidising numbers (Umf).
5. To analyse a composition of flue gas generated from the rice husk
firing in the pilot scale fluidised bed combustor.
51.4 Scopes of Study
The study work focused on commissioning the newly fabricated pilot scale
fluidised bed combustor to produce ash from rice husk. The scopes of the study are
as below:
1. The installation of centrifugal exhaust fan on the top of the combustor
to provide the negative pressure on the chimney to prevent the escape
of the smoke (hot flue gas) at the combustor.
2. The modification of secondary hopper in the combustor feeding
system to avoid the insufficient of fuel feeding (rice husk) into the
combustor due to the dead zone in the existing secondary hopper
design.
3. The evaluation of combustor pre-heating method by using the oil
palm shell and the time to achieve a bed desire temperature (700oC)
will be observed.
4. The observation of combustion temperature stability will be carried
out for the rice husk firing in the combustor at fluidising numbers
applied from 4 to 7 Umf.
5. The measurement of flue gas will be carried out to determine a
composition of gases from the firing of rice husk in the combustor.
61.5 Significance of Study
This study will contribute on providing the effective technology (Fluidised
Bed Combustor) and solution for the utilisation of rice husk. It is in-line with the
Malaysia Budget 2008, which highlighted the continued emphasis to further
modernise and develop the agriculture sector industries. The study also explores the
potential utilisation of rice husk such as renewable energy source (heat and
electricity) and value added material (sodium silicate and activated carbon). The
most significant benefit that could be gained from such approach is that the zero or
most often negative investment that would have been expended to get rid of the
agricultural wastes could in fact be transformed into an income generating business
capable offering highly lucrative returns.
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